Rectus femoris muscle proximal injuries are not rare conditions. The proximal rectus femoris tendinous anatomy is complex and may be affected by traumatic, microtraumatic, or nontraumatic disorders. A good knowledge of the proximal rectus femoris anatomy allows a better understanding of injury and disorder patterns. A new sonographic lateral approach was recently described to assess the indirect head of the proximal rectus femoris, hence allowing for a complete sonographic assessment of the proximal rectus femoris tendons. This article will review sonographic features of direct, indirect, and conjoined rectus femoris tendon disorders.
hip pain and indirect tendon injury as lateralanterolateral hip pain. Clinical symptoms may range from sudden hip pain in proximal tendon rupture or during the acute resorptive phase of calcific tendinitis to long-standing hip pain in chronic tendon tears and painful enthesopathy.
Sonographic Examination Protocol
The patient is in the supine position, with the hip in the neutral position. The sonographic examination is performed with a high-frequency linear transducer (ie, 10-12 MHz) and usually begins with an assessment of the direct tendon at the anterior hip. The direct tendon origin is easily depicted in the axial plane ( Figure 2 ) by scanning the anterior hip from the anterosuperior iliac spine to the anteroinferior iliac spine. Then the transducer is rotated 908 in the sagittal plane to obtain the long-axis view ( Figure 3 ). The direct tendon appears as a hyperechoic fibrillar structure underlying the iliopsoas and sartorius muscles, arising from the anteroinferior iliac spine. [12] [13] [14] This sagittal view also allows a good assessment of the morphologic characteristics of the anteroinferior iliac spine in adults in cases of extraarticular subspine impingement [15] [16] [17] [18] [19] but a poor assessment of the indirect tendon, which appears as a poorly defined hypoechoic structure on the lateral border of the direct tendon ( Figure 3) . A new lateral approach has been described to assess the indirect tendon. 20 Nevertheless, the indirect tendon may be more difficult to explore by means of sonography than by magnetic resonance imaging (MRI) because of its depth. The longaxis view of the indirect tendon may be obtained via two approaches: (1) scanning first at the level of the conjoined tendon in the sagittal plane and then applying a curvilinear ascending motion to the transducer to follow the course of the indirect tendon from its distal portion to its origin from the supra-acetabular ridge at the lateral hip; and (2) scanning the lateral hip in the axial plane, lateral to the anteroinferior iliac spine, localizing the indirect tendon underneath the gluteus muscles and overlying the supra-acetabular ridge and lateral iliofemoral ligament. When the tendon is identified, the transducer is positioned in an axial oblique plane with 308 obliquity on the lateral aspect of the hip ( Figure 4A ). The indirect tendon appears as a convex thin echoic or hypoechoic structure underlying the gluteus minimus muscle, arising from the acetabular posterosuperior ridge and posterior capsule ( Figure 4B ). In a case of insufficiently lateral transducer positioning, the tendon will appear hypoechoic because of its convexity and an anisotropy artifact ( Figure 5 ). Then, the short-axis view is obtained with a 908 transducer rotation ( Figure 6A) ; the tendon will appear as a thin and flat structure ( Figure 6B ). As this tendon is thin, we systematically perform a bilateral comparative assessment of the short-axis view to highlight mild tendon widening when tendinopathy or a chronic tear is suspected. Sonography may be limited for an indirect tendon assessment because of frequent gluteus muscle fatty degeneration in these commonly older patients. The conjoined tendon is a short echoic tendon formed by fusion of the direct and indirect tendons just below the anteroinferior iliac spine and is usually studied immediately after the direct tendon in the same axial short-axis and sagittal long-axis views. This static evaluation is followed by a dynamic assessment of proximal rectus femoris origin, searching for snapping hip syndrome. 21 The third and inconstant head has never been described in any imaging modality.
Apart from acute traumatic myotendinous or tendinous injuries in adults, assessment of rectus femoris disorders by sonography should be completed by standard radiographs searching for calcific tendinitis, heterotopic ossification, and underlying coxarthrosis in adults and apophyseal avulsion in children. On an anteroposterior radiographic view, the anteroinferior iliac spine is not clearly delineated, whereas the supra-acetabular rim can be well studied. False-profile or frog leg views improve delineation of the anteroinferior iliac spine and allow an assessment of the topography, size, shape, and density of the anteroinferior iliac spine's apophyseal ossification center (when ossified) in children. These views allow an evaluation of the morphologic characteristics of the anteroinferior iliac spine in adults in cases of extra-articular subspine impingement [15] [16] [17] [18] [19] and a search for radiologic signs of coxarthrosis.
Pathology

Traumatic and Microtraumatic Disorders in Adults Proximal Tendon Tears
The rectus femoris is the most commonly injured muscle of the quadriceps muscle group. 22 Although proximal injuries are mainly myotendinous or myoaponeurotic, proximal tendon tears may be encountered. Their diagnosis is important, since they require a substantially longer rehabilitation period. 23 Complete or partial tears are Figure 4 . A, Positioning of the transducer to obtain the longitudinal view of the indirect tendon at the lateral aspect of the anteroinferior iliac spine with the transducer in the transverse/axial position. B, The indirect tendon (arrows) appears fibrillar and echoic beneath the gluteus minimus muscle (Gm) and the supra-acetabular ridge (curved arrows). GM indicates gluteus medius muscle; and TFL, tensor fascia lata muscle.
usually described in adults. [22] [23] [24] [25] [26] [27] [28] Indirect tendon injuries have been reported to be more frequent than direct and conjoined tendon injuries, and it has been suggested that proximal rectus femoris origin injuries may extend from the indirect to the direct head and then to the conjoined tendon. 26 In our experience, conversely to this hypothesis, any pattern of a tendon tear may be encountered, with a partial or total tear of the direct or indirect tendon usually extending to the conjoined tendon (Figures 7-9 ). Complete rupture of proximal rectus femoris tendons is clinically evident in most cases. A complete tear of the direct head may be suspected in a case of sudden pain of the anterior hip in sprinting or kicking sports. 10, 28 The clinical presentation of partial or complete tears of the indirect tendons may be misleading, with atypical pain in the anterolateral or lateral hip. When initial trauma has been neglected or unnoticed, patients may present with persistent anterolateral or anterior pain, or both, due to a chronic tear. Sonography has the advantage over MRI of being performed quickly in the emergency department or directly on the field in professional sports leagues, providing early diagnoses. Nevertheless, professional sports players will undergo MRI quickly after the injury, and most rectus femoris proximal injuries diagnosed by sonography are subacute or chronic tears in semiprofessional and recreational sports players (Figures 8 and 9 ). Imaging evaluations of these lesions may be difficult, and a good knowledge of proximal tendon anatomy is required for accurate characterization and adaptation of physical rehabilitation. In chronic tears, the involved tendon(s) is(are) thickened and hypoechoic (Figure 8 ), with possible heterotopic ossification and calcification ( Figure 9 ).
Enthesopathy
Degenerative changes at the origin of the direct head from the anteroinferior iliac spine are frequently Figure 6 . A, Positioning of the transducer to obtain the transverse, short-axis view of the indirect tendon at the lateral aspect of the anteroinferior iliac spine with the transducer in the coronal oblique position. B, The indirect tendon (arrows) is depicted beneath the gluteus minimus muscle (Gm) and overlying the lateral iliofemoral ligament (asterisks) and supra-acetabular ridge (curved arrows).The tendon is echoic, thin and flat. encountered in routine sonographic evaluations of the hip joint in the general population ( Figure 10 ). However, painful enthesopathy of the direct tendon is a rare disorder caused by overuse and repetitive trauma, affecting professional athletes with chronic hip pain and nonspecific clinical findings. On sonography, the tendon appears increased in volume and hypoechoic. Power Doppler imaging shows intratendinous hyperemia in cases of painful enthesopathy (Figure 10 ). 29 
Traumatic and Microtraumatic Injuries in Children
In children and adolescents, the direct tendon of the rectus femoris inserts on the apophyseal secondary ossification center of the anteroinferior iliac spine. Ossification begins between ages 13 and 14 years and fuses with the ilium between 16 and 18 years. 30 The growth plate is the weakest biomechanical point, weaker than the proximal tendons of the rectus femoris, resulting in apophyseal injuries being more common among adolescents taking part in organized sports. It can be damaged during the period of rapid growth between ages 11 and 12 years in girls and 13 and 14 years in boys, either by traumatic or microtraumatic injuries (also called apophysitis). In microtraumatic injuries, athletes report a history of anterior hip pain exacerbated by activity and increasing over time. Symptoms worsen as the young athlete continues to exercise, progressively worsening the condition. In contrast, an avulsion injury presents as an acute injury with immediate disability. The physical examination in either case reveals localized tenderness over the anteroinferior iliac spine, possible swelling and prominence at the anterior hip, and a decreased range of hip flexion, but symptoms may be vague in cases of apophysitis. Repeated traction leads to chronic inflammation and developmental changes in the apophyseal ossification center of the anteroinferior iliac spine. 31 Sonography will show widening of the growth plate and a large and fragmented ossification center with possible surrounding hyperemia on power Doppler imaging ( Figure  11 ). Acute avulsion of the anteroinferior iliac spine is usually the consequence of a strong contraction of the rectus femoris, similar to the mechanism leading to a tendon rupture in adults. It is the third site of pelvic avulsion after the ischial tuberosity and the anterosuperior iliac spine. 32, 33 It can occur either on a normal apophysis or on preexisting apophysitis of the anteroinferior iliac spine. In the acute phase, the diagnosis is easily made in adolescents on standard radiographs when the anteroinferior iliac spine starts to ossify, showing an inferiorly displaced anteroinferior iliac spine ossification center. When initially performed, sonography will show a "bare" anteroinferior iliac spine, with an inferiorly displaced ossification center (Figure 12) . In younger patients, the anteroinferior iliac spine is not yet ossified, and the avulsion cannot be diagnosed on radiographs. In those cases, sonography is useful, 34 allowing for the diagnosis of unossified anteroinferior iliac spine avulsion ( Figure 13 ). Few cases of avulsion of the indirect tendon origin from the supra-acetabular ridge based on radiography have been reported. In our experience, the indirect tendon was always screened and seen to be intact, inserted on the capsule and adjacent bone and not on growth cartilage, conversely as described in these case reports. Avulsion of the anteroinferior iliac spine may be associated with an avulsion of the anterosuperior iliac spine; hence, the anterosuperior iliac spine should also be carefully assessed. Secondary anteroinferior iliac spine deformities after traumatic and microtraumatic injuries may be responsible for anterior extra-articular hip impingement, also called subspine impingement, [15] [16] [17] [18] [19] and is better delineated on standard radiographs than on sonography.
Calcific Tendinitis
The hip is the second most common site affected by calcific tendinitis, after the shoulder. 35, 36 Nevertheless, calcific tendinitis rarely affects rectus femoris tendons. [37] [38] [39] The indirect head is more frequently involved than the direct head. [39] [40] [41] These amorphous apatite calcifications may be asymptomatic and discovered incidentally on standard radiographs or computed tomographic scans, located either inferior to the anteroinferior iliac spine (direct head calcification) or lateral to the acetabular tip (indirect head calcification). 40, 42 On sonography, the calcification appears compact, well defined, and hyperechoic, with posterior acoustic shadowing in cases of large calcifications (Figure 14) . Symptomatic calcifications may present as long-lasting hip pain with a restricted range of accommodation of the joint. 40 The tendon appears hypoechoic and thickened around a poorly defined hyperechoic calcification without posterior acoustic shadowing on sonography (Figure 15) , with possible intratendinous Doppler hyperemia. Conversely, the acute phase of resorption may mimic hip septic arthritis, with sudden onset of pain and motion limitation. [43] [44] [45] Physical signs are similar to those of acute synovitis or septic arthritis, 46 contrasting with normal laboratory results. Sonography may easily depict thin intratendinous or extratendinous calcifications, which may be overlooked on standard radiographs 44, 47 or on MRI, potentially leading to the false diagnosis of tumoral or infectious processes. 44 When the calcification is refractory to conservative treatment, local injection of a steroid may be performed under sonographic guidance. 48 
Snapping Hip
Apatite deposits in the direct rectus femoris tendon may be responsible for internal snapping hip of the iliac muscle. 21 Although calcific tendinitis may be diagnosed by different imaging techniques, sonography is the only one to allow a dynamic assessment of such snapping.
Enthesitis
The proximal rectus femoris entheses are rare sites of enthesitis in spondyloarthropathies. Nevertheless, enthesitis may be encountered in association with other pelvic or spinal enthesitis.
Tendinopathy in Relation to Coxopathy
Since the indirect tendon merges posteriorly with the coxofemoral capsule, its damage may extend to the superior capsule 26 and labrum. 49, 50 Conversely, superior capsular damage may extend to the indirect tendon of the rectus femoris. In cases of hip arthritis, paralabral and arthrosynovial cysts may develop around or within the indirect tendon, leading to tendinopathy. In our experience, patients with a known history of hip arthritis who have such tendinopathy report unusual lateral hip pain instead of or in association with groin pain. Such tendinopathy may be misleading, with gluteus tendinopathy in patients with coxarthrosis. Sonography may show hypoechoic thickening of the indirect tendon surrounded by a hypoechoic area ( Figure 16 ) and possible an intratendinous ganglion cyst (Figure 17 ). An underlying lateral coxofemoral capsule (lateral iliofemoral ligament) also appears thickened and hypoechoic ( Figure 16A ).
Conclusions
Proximal rectus femoris disorders are not rare conditions. Its anatomy is complex, with direct and conjoined Figure 17 . Symptomatic ganglion cyst that developed within the indirect tendon. A, Short-axis sonogram of the indirect tendon (arrowheads) with hypoechoic thickening, fluid, and gas bubbles within the tendon (arrow). The lateral iliofemoral ligament is thickened and hypoechoic (asterisks). FH indicates femoral head; and Gm, gluteus minimus muscle. B, Corresponding longitudinal axial oblique sonogram showing hypoechoic thickening of the indirect tendon (arrowheads) with central gas bubbles (arrows), and Doppler hyperemia (curved arrowheads). C and D, Corresponding oblique sagittal (C) and coronal fat-suppressed T2-weighted (D) images of the cyst that developed within the indirect (arrows) and conjoined (arrowheads) tendons, with peritendinous (asterisks) and proximal rectus femoris T2 hypersignals (curved arrows). Curved arrowhead indicates left conjoined tendon; A, acetabular ridge, Gm, gluteus minimus muscle; and FN, femoral neck.
tendons at the anterior aspect of the hip and an indirect tendon at the lateral aspect of the hip. Direct and conjoined tendon lesions may be suspected clinically, whereas indirect tendon lesions may be misleading in their clinical presentations. Standard radiographs remain the initial step of imaging assessments, searching for calcific deposits, dystrophic ossification, or bony avulsion. Sonography allows a good assessment of direct, indirect, and conjoined tendons.
